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Scientific studies have shown that serotonin (5-hydroxytryptamine) 5-HT or
its precursor 5-hydroxytryptophan (5-HTP) given in large doses causes mctssive renal
necrosis and hypertension in rats. Elo eind Tirri (1972) reported that forced motility
caused the level of serotonin in rat brain to increase. Freter,^ al., 1957 found two
isomeric forms of 5-HTP, forms D and L. Erspamer and Bertaccini (1961) found that
a great portion of the L form of 5-HTP was responsible for the formation of 5-HT.
However they could not rule out the fact that both D and L forms together were
necessary for the observed reaction it caused in vivo. This study involved the
effects of 5-hydroxy-L-tryptophan (5-L^TP) and forced motility on rats as it
relates to neurogenic hypertension.
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The origin of essential hypertension, Goldring (1951) (unknown origin) has
motivated numerous investigations. These investigations have attempted to solve a
complex puzzle. Non-essential hypertension (known origin), however, is a result of
research solving some of the pieces of this complex puzzle. These two broad
categories share similar characteristics once hypertension is established. Usually
one or more of the following characteristics exist. They are the following: (1)
reduced kidney mass, (2) excess aldosterone secretion by the adrenal glands or
excess circulation of renin, (3) increased renal arterial resistance (Goldblatt
kidney), and (4) reduced glomerular filtration coefficient (Guyton, 1976).
Serotonin 5-+1T has been shown to cause necrosis in the rat kidney, (Beregi, ^
al., 1961) producing hypertension. Constriction of the renal artery (Goldblatt
kidney), (Goldblatt, ^ aL, 1934) causes poor blood flow producing excessive amounts
of the enzyme renin. This enzyme gives rise to the hormone angiotensin II, a
powerful vasoconstrictor, thus producing hypertension (Helmer and Page, 1939).
Little is known about the effects of exercise on rats that have been made
hypertensive by the above mentioned parameters. Investigations have shown that
forced motility caused eind increase of 5-HT in the rat brain (Elo and Tirri, 1972).
However, there is little data showing a correlation of high levels of 5-HT in the rat
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brain as a cause of rat kidney damage. It has been the purpose of this study to
investigate the development of hypertension in rats by using 5-L-HTP and exercise
as major parameters. We hope to show that 5-L-HTP, and exercise work
antagonistically of each other in the development of hypertension.
In this investigation attempts have been made to (a) observe the changes in
arterial blood pressure, urine output, water intake, and feces count, in rats injected
with 5-L-HTP, and (b) determine the effects of exercise on the development of
hypertension caused by 5-L-HTP. It is hoped that results from this investigation will
further enhance our knowledge of the phenomenon of hypertension.
CHAPTER II
REVIEW OF LITERATURE
Since the early 1940's 5-hydroxytryptamine (enteramine, serotonin or 5-HT),
and its precursor 5-hydroxytryptophan (5-HTP) have been known to cause damage to
the rat kidney, Erspamer and Ottolenghi, (1952). Beregi, £t ^ (1961) stated that
serotonin (5-hydroxytryptamine), when given in chronic doses will cause necrosis in
the rat kidney. Erspamer and Asero (1952) suggested that serotonin was a true
hormone. Beregi, et aL (1961), also reported that in rats as well as rabbits chronic
serotonin treatments (3 to 5 mg/kg), over 18 to 23 days caused spotty ischemia of
the renal cortex to develop, which indicated a constriction of afferant blood vessels.
Twarog and Page (1953) showed that serotonin could be isolated from beef serum,
mammalicm gastrointestinal mucosa, amphibian skin, and octopus salivary glauids.
Twarog and Page (1953) also stated that pharmacological studies have shown that
serotonin can influence smooth muscle eind possibly nervous activity in mammals.
Undenfriend ^^ (1956) found that an increase of the precursor 54fTP caused an
increase in serotonin in mammeilian tissue. Undenfriend ^ a^ (1956) also stated
that serotonin may play a role in the central nervous system of mammals. They also
reported that excess amounts of 5-HTP when administered to various animals may
cause symptoms similar to those induced by the hallucinogenic agent, lysergic acid
diethylamide (LSD). This is thought to be caused by excess free serotonin in the
brain (Undenfriend ^ 1956).
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In the early 1950's the D and L forms of 5-HTP were produced (Freter, et al.,
1957). The two isomeric forms were produced by using N-carbonbenzyloxy-5
benzyloxy-D-L-tryptophan (M.P. 132° C) (Freter 1957). Erspamer and
Bertaccini (1961), Freter (1957), found that a great portion of the L form of 5-
HTP was responsible for the formation of 5-HT in vitro. The D form showed little or
no evidence that it was active in the formation of 5^T (Erspamer and Bertaccini,
1961). However, Erspamer, and Bertaccini (1961) and Freter et^ (1957) could not
rule out the fact that both D and L forms together were necessary for the observed
reaction it caused vivo.
Elo and Tirri (1972) reported that forced motility caused the level of serotonin
in rat brain to increase. Rosenkratz and Laferte (1959) noted that 5-HT had a direct
influence on the adrenal glands in rats. 5-HTP is considered 200 times less potent as
5-HT (Csotortok et al., 1963).
Goldblatt et ^ (1934) found that a persistent rise in blood pressure could be
produced in dogs by restricting the renal artery of the kidney. We will utilize the
Goldblatt operation (1934) for developing hypertension in normotensive rats.
Spontaneously hypertensive rats (SHR's) will be used in this study due to their
hypertensive state being genetically induced (Okamoto, 1969).
Investigations have not shown correlations between exercise and hypertension
induced by 5-L-HTP, (Beregi ^ aL, 1961), Goldblatt surgery (1934), and genetically
induced hypertension (Okamoto, 1969), when they are combined as one entity in the
production of hypertension. We will combine the above sources of hypertension in
our investigation and observe the effects of exercise as hypertension develops.
Our investigation will seek to use the findings above as a means of obtaining




Four groups of animals with a body weight of 180 to 200 g were used in this
experiment. They were spontaneously hypertensive males rats (SHR's), SHR females
Wistar strain, Cartworth Farms. Sprague-Dawley normotensive males and Sprague-
Dawley Goldbiatt males, from Cartworth Farms.
Arterisd blood pressures were taken with the aid of an electro-sphygmomano¬
meter, Narco-Bio Systems, Inc., Houston, Texas. Physiograph model DMP-4B was
obtained from Narco-Bio Systems, Inc. Houston, Texas and the blood pressure box
designed in our laboratory was used to house and restrain the cinimals while pressures
were being taken. The urine output, water intake, and feces count were measured in
metabolism cages purchased from Scientific Products, Atlanta, Georgia. Sodium
pentobarbital (nembutal sodium) Abbott Laboratories, North Chicago, Illinois was
used as an anesthetic for kidney operations. 3 -estradiol-3-benzoate. Sigma
Chemical Company, Saint Louis, Missouri. 5-Hydroxyl-L-Tryptophan, Sigma
Chemical Company, Saint Louis, Missouri and sesame seed oil were used for regular
injections.
Rats were exercised in a drum designed by Myers and Bentley (Fig. 1). The
drum was manufactured in Georgia Institute of Technology's machine shop, Atlanta,
Georgia. Animals were fed ad libitum with Purina Rat Chow and tap water.
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Rats were separated into four groups as follows: Sprague-Dawley normoten-
sive males, Sprague-Dawley Goldblatt males, SHR males and SHR females.
The Sprague-Dawley normotensive males group contain four sets of animals as
follows:
(a) Rats that were not exercised nor injected with 5-L-HTP (scdine-no
exercise),
(b) Rats that were exercised but not injected with 5-L-HTP (saline-
exercise),
(c) Rats that were exercised and injected with 5-L-HTP (5-L-HTP-exercise),
(d) Rats that were not exercised but injected with 5-L-HTP (5-L-HTP-no
exercise).
The Sprague-Dawley normotensive Goldblatt group consisted of four sets of
animals, they were as follows:
(a) Rats that were not exercised nor injected with 5-L-HTP (saline-no
exercise),
(b) Rats that were exercised eind injected with 5-L-HTP (5-L-HTP-exercise),
(c) Rats that were not exercised but injected with 5-L-HTP (5-L-HTP-no
exercise),
(d) Rats that were exercised but not injected with 5-L-HTP (sciline exercise).
There were three sets formed from the SHR males group:
(a) Rats that were not exercised nor injected with 5-L-HTP (saline-no
exercise).
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(b) Rats that were exercised but not injected with 5-L-HTP (saiine-
exercise),
(c) Rats that were exercised and injected with 5-L-HTP (5-L-HTP-exercise).
There were three sets formed from the SHR female group:
(a) Rats that were not exercised nor injected with 5-L-HTP (saline-no
exercise),
(b) Rats that were exercised but not injected with 5-L-HTP (saline-
exercise),
(c) Rats that were exercised and injected with 5-L-HTP (5-L-HTP-exercise).
In all groups each set initially started with 6 to 8 animals per set.
Operations
Operations performed on Sprague-Dawley, 1-kidney Goldblatt rats and
Sprague-Dawley normotensive rats were done under the procedures routinely used in
our laboratory (West, 1976).
Exercise
Those sets of animads that required exercise were trained by turning the drum
in timed intervals. This was done in 5, 10, and 15 sec consecutive intervals, stopping
for 5 sec in between intervals so that the animals could regain equilibrium, or
direction and return to the bottom of the drum. The purpose was to get the rat to
discover the bottom of the drum, so that equilibrium could be maintained while the
drum was turning. Each set was trained repeating the above procedure daily for 30
min. If this procedure did not work we often placed a rat that had learned
successfully to exercise in the drum with the rat having difficulty. Many times am
unwilling rat will follow the wailking rat and equilibrate itself in that fashion. When
necessary both procedures were repeated daily for 10 days.
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The drum speed was adjusted to 11 revolutions per min because the animal
could exercise at a fast pace without running. After training, the animals were
placed in metabolism cages to determine the water intake, urine output, and feces
output. Blood pressure and body weight were also recorded.
Injections
5-L-+1TP was prepared by dissolving 400 mg in absolute alcohol and bringing it
to a final volume of 20 ml with physiologic saline. 5-L-HTP was administered at 100
mg/kg of body weight. 3-estradiol-3-benzoate was stirred directly into sesame seed
oil at 0.4 mg/0.1 ml of oil. Where saline was administered physiologic saline was
used.
Animals in the 5-L-HTP group were given injections of 5-L-HTP intrapero-
tenally. Only the male SHR's were given 3-estradiol-3-benzoate. The control
groups were given physiological saline injections intraperotenally. All the injections
were given in five day intervals over a fifteen day span totaling three injections.
Animals in the 5-L-HTP-exercise sets were immediately placed in the drum after
injections and exercised for 30 min. SHR males and females were an exception
because of the severe reaction they showed when injected with 5-L-HTP. We waited
12 hr after each injection before placing the SHR's in the drum.
Throughout the period of injections, arterial blood pressure, water intake,
urine output, and body weight on the 5th day of each previous injection were
recorded. After the 3rd and final injection of 5-L-HTP, the exercise in the drum
was increased to 45 min daily. Animals were monitored for the above parameters,
and exercised for eighty days.
CHAPTER IV
EXPERIMENTAL RESULTS
Male Sprague-Dawley Normotensive Rats - Group I
Normotensive saline injected, not exercised (saline-no exercise) Set A.
The Sprague-Dawiey, normotensive rats that were not exercised nor injected
with 5-L-HTP showed very little change in arterial blood pressure through out the 80
day period (Fig. 2). The urine output, water intake and feces count was not
significant (Fig. 3 and Table 1).
Normotensive saline injected, exercised (saline-exercise) Set B.
The Sprague-Dawiey, normotensive rats that were exercised but not injected
with 5-L-HTP, showed a slight increase in arterial blood pressure after 90 days (Fig.
2). The urine output and water intake showed a slight increase after 80 days of the
experiment (Fig. 4), and the feces count showed very little change throughout the
experiment. All values were significant for 10, 20, 40 and 90 days respectively (p
< 0.05) as seen in Table 2.
Normotensive, 5-L-HTP injected, exercised (5-L41TP-exercised) Set C.
The Sprague-Dawiey normotensive rats that were injected with 5-L-HTP and
exercised showed a significant increase in arterial blood pressure during the 15 day
10
Fig. 2. A graph illustrating the arterial blood pressure of normoten-
sive rats, injected with 5-L-HTP and exercised. Rats in¬
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Fig. 3. A graph illustrating the urine output and water intake of








Table 1. The effects of saline injections and no exercise on Sprague-Dawley rats
Blood Pressure Urine Output Water Uptake Feces Output
// Days mmHg Variance ml Variance ml Variance ml Variance
10 138.7* 4.9 2.1* 0.3 1.4* 0.1 9.0* 1.1
15 137.2 4.7 2.0 0.3 1.3 0.2 9.2 0.5
20 137.0* 3.3 2.2* 0.3 1.5* 0.2 10.7* 1.2
30 136.2 0.5 2.2 0.3 1.3 0.2 10.7 0.5
40 134.7* 0.9 2.1* 0.2 1.2* 0.2 10.7* 0.9
50 135.2 0.5 2.0 0.3 1.2 0.4 9.7 0.9
60 135.5 0.5 2.2 0.1 1.5 0.09 10.5 1.2
70 135.5 1.2 2.4 0.2 1.6 0.12 10.2 0.9
80 135.2 0.9 2.3 0.1 1.3 0.3 10.7 1.5
90 136.0* 1.4 2.3* 0.2 1.2* 0.3 10.2* 0.9
♦Significance = <0.05
Fig. 4. A graph illustrating the urine output and water uptake of
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Table 2. The effects of saline and exercise on Sprague-Dawley normotensive rats
Blood Pressure Urine Output Water Uptake Feces Output
// Days mmHg Variance ml Variance ml Variance ml Variance
10 141* 3.6 2.3* 0.32 1.3* 0.4 11.0* 0.8
15 141* 3.6 2.0* 0.3 1.5* 0.2 11.0* 1.4
20 140* 4.2 2.0* 0.2 1.3* 0.3 10.0* 1.1
30 140 4.8 1.8 0.3 1.0 0.3 10.0 0.9
40 138* 5.1 2.2* 0.5 1.4* 0.7 11.0* 1.2
50 137 3.7 2.2 0.2 1.6 0.4 10.0 1.4
60 136 5.1 2.0 0.3 1.2 0.2 11.0 1.8
70 136 4.9 2.2 0.3 1.2 0.3 11.0 0.9
SO 135 5.1 2.2 0.3 1.4 0.1 10.5 1.8
90 134* 5.7 2.4* 0.15 1.6* 0.1 11.5* 0.5
♦Significance = <0.05
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injection period. On the other hand, after the injections the blood pressure fell
dramatically with continuation of the exercise (Fig. 2). The urine output and water
intake increased significantly during the 15 day injection period. However, there
was a significant drop in each of the above parameters when exercise was continued
(Fig. 5). The feces count increased significantly during the 15 day injection period
and decreased after the exercise was continued (Tcible 3).
Normotensive 5-L-HTP-injected no-exercise (5-L-HTP-no exercise) Set D.
After the first injection 95% of the rats died. The kidneys showed severe
damage within 24 hr, only one cuiimal survived ail three injections. The rat that
survived showed an elevated arterial blood pressure throughout the entire experi¬
ment. Figure 6 illustrates the severe kidney damage which resulted from the
injections of 5-L-HTP.
Male Sprague-Dawley 1-kidney Goldblatt Rats - Group II
1-Kidney Goldblatt rats, saline injected, no exercise (saline-no exercise) Set A.
The 1-kidney Goldbaltt rats that were not injected nor exercised showed a
gradual rise in arterial blood pressure throughout the eighty day experiment (Fig. 7).
The urine output and water intake showed significant change throughout the
experiment (Fig. 8). The feces count showed a significant change (Teible 4).
1-Kidney Goldblatt rats, saline injected, exercised (saline-exercise) Set B.
The 1-kidney Glodblatt rats that were exercised but not injected with 5-L-HTP
showed significant increase in arterial blood pressure during the first 40 days of the
Fig. 5. A graph illustrating the urine output and water intake of





Table 3. The effects of 5-L41TP and exercise on Sprague-Dawley normotensive rats
Blood Pressure Urine Output Water Uptake Feces Output
// Days mnriHg Variance ml Variance ml Variance ml Variance
10 144.5* 9.4 7.0* 1.0 3.6* 1.5 17.0 1.7
15 154.6 9.8 17.9 1.2 23.0 0.95 16.6 1.5
20 160.0* 7.3 18.3* 1.8 21.5* 1.3 *16.6 1.0
30 153.0 11.8 13.2 2.8 7.03 5.6 14.6 3.2
40 149.0* 12.6 6.6* 5.6 1.1* 1.0 15.0* 3.8
50 148.0 14.4 5.3 2.8 1.1 0.7 12.4 3.2
60 138.0 7.5 3.5 0.9 0.8 1.0 13.0 2.5
70 136.0 5.3 3.2 1.3 0.50 1.0 12.2 1.2
SO 133.0 4.9 3.3 1.4 0.8 0.9 11.2 2.1
90 131.0* 5.06 2.8* 0.94 0.5* 0.707 11.7* 1.7
♦Significances <0.05
Fig. 6. A photograph of severe kidney damage in a rat injected
with 5-L4fTP.
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Fig. 7. A graph illustrating the arterial blood pressure of 1-kidney
Goldblatt rats, injected with 5-L-HTP and exercised. Rats
injected with saline and exercised and rats injected with saline
but not exercised.
1-kidney Goldblatt, exercised, 5-L41TP
1-kidney Goldblatt, exercised, saline
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Table 4. The effects of saline and no exercise on l-kidney Goldblatt rats
Blood Pressure Urine Output Water Uptake Feces Output
// Days mmHg Variance ml Variance ml Variance ml Variance
10 142.0* 4.9 7.6* 3.8 3.9* 2.4 14.3 7.1*
15 142.0* 5.2 7.1* 4.1 3.2* 3.1 14.1 6.4*
20 145.0 6.3 7.3 5.1 3.5 1.5 14.8 3.2
30 146.0 5.1 7.4 4.9 2.8 1.7 13.5 4.1
40 148.0* 4.4 6.9* 4.8 2.6* 1.9 14.0 2.1*
50 150.0 6.7 7.1 5.8 2.7 2.0 13.8 3.1
60 149.0 5.2 6.1 3.7 2.8 2.3 13.0 1.2
70 153.0 4.1 6.S 6.1 3.3 1.8 13.8 4.5
SO 157.0 7.2 7.04 4.4 2.3 4.1 13.8 5.2
90 159.2* 7.5 7.5* 6.5 2.8* 3.6 15.4 5.4*
♦Significances <0.05
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experiment. However, after that time the arterial blood pressure decreased
significantly (Fig. 7). The urine output and water intake showed a significant rise
within 40 days. However, there was a significant decrease after 50 days of the
experiment (Fig. 9). The feces count remained steady throughout the experiment.
The body weight increased gradually throughout the experiment (Table 5).
Normotensive 5-L-HTP injected no exercise (5-L-HTP-no exercise) Set C.
Following first injection all animals died.
1-Kidney Goldblatt rats, 5-L-HTP injected, exercised (5-L-HTP-exercised) Set D.
The 1-kidney Goldblatt rats, that were injected with 5-L-HTP and exercised
showed a significeint increase in arterial blood pressure during the 15 day injection
period. However, following the injection period the arterial blood pressure
decreased significantly (Fig. 7). The urine output and water intake increased
significantly during the 15 day injection period. After 20 days the above parameters
decreased and remained steady throughout the remainder of the experiment (Fig.
10). The feces count increased during the 15 day injection period and decreased
slightly thereafter throughout the remainder of the experiment (Tcible 6).
Male Spontaneously Hypertensive Rats (SHR) - Group III
SHR male rats, saline injected, no exercise (saline-no exercise with 5-L-HTP) Set A.
SHR male rats that were not exercised nor injected with 5-L41TP showed a
gradual significant increeise in arterial blood pressure thorughout the experiment
Fig. 9. A graph illustrating the urine output and water intake of 1-











Table 5. The effects of saline and exercise on 1-kidney Goldblatt rats
Blood Pressure Urine Output Water Uptake Feces Output
// Days mmHg Variance ml Variance ml Variance ml Variance
10 147.6* 4.5 6.7* 3.3 7.2* 5.5 4.4* 6.9
20 147.0* 4.4 4.9* 3.1 4.1* 4.7 8.8 2.1
30 149.0 10.2 4.4 2.6 2.8 2.6 9.0 1.0
40 150.0* 17.1 6.4* 5.2 3.6* 4.4 9.4 3.4
50 162.4 36.0 3.7 2.1 1.12 1.31 8.7 2.2
60 145.0 21.0 4.8 5.1 2.65 4.9 6.7 1.7
70 152.0 41.7 5.0 3.5 0.00 0.00 8.5 3.1
SO 126.2 2.8 3.4 0.85 0.50 0.86 9.0 1.0
90 126.6* 2.8 3.1* 1.6 0.00* 0.00 8.3 2.5
♦Significance = <0.05.
Fig. 10. A graph illustrating the urine output and water intake of 1-















10 142.0* 6.99 8.5* 3.4 0.0 0.0 11.0* 1.6
15 149.0 6.0 21.1 0.98 33.0 1.9 19.5 2.4
20 157.0* 4.4 23.1* 1.74 28.2* 2.5 18.0* 2.3
30 159.2 6.5 21.62 0.62 22.7 3.5 15.5 4.0
40 153.2* 3.9 15.0* 3.8 13.8* 6.4 13.25* 2.7
50 150.0 7.0 10.25 3.8 6.2 2.87 11.5 2.0
60 147.0 6.4 8.5 1.0 4.4 0.359 10.25 2.0
70 143.3 5.7 6.8 0.2 3.5 1.0 10.3 3.2
80 141.6 17.6 6.2 0.35 1.5 2.1 8.33 1.1
90 138.3* 5.7 5.8* 0.76 2.0* 1.8 9.3* 0.57
♦Significance = <0.05.
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(Fig. 11). Urine output and water intake increased significantly after 40 days of the
experiment (Fig. 12). The feces count remained steady throughout the experiment
(Table 7).
SHR male rats, saline injected, exercised (saline-exercise) Set B.
SHR male rats that were exercised but not injected with 5-L-HTP showed a
significant decrease in arterial blood pressure after 20 days of the experiment (Fig.
13). The urine output and water intake increased significantly after 20 days of the
experiment (Fig. 14). The feces count showed no significant change (Table 8).
SHR male rats, 5-L-HTP injected, exercised (5-L-HTP-exercise) Set C.
SHR male rats that were exercised and injected with 5-L-HTP, showed a
significant increase in arterial blood pressure, during the 15 day injection period.
However, after 30 days the arterial blood pressure decreased significantly (Fig. 11).
The urine output and water intake increased significantly during the 15 day injection
period. However, after 20 days there was a significant decrease in these parameters
(Fig. 15). The feces count showed a significant increase during the 15 day injection
period. However, after 20 days the feces count decreased (Table 9).
Female Spontaneously Hypertensive Rats (SHR) - Group IV
SHR female rats, saline injected, no exercise Set A.
SHR female rats that were not exercised nor injected, with 5-L-H TP
maintained elevated arterial blood pressures throughout the experiment (Fig. 16).
The urine output and feces count remained basically steady. However, the water
intake increased significantly the last 30 days of the experiment (Fig. 16 and Table
10).
Fig. 11. A graph illustrating the arterial blood pressure of SHR males,
injected with 5-L-HTP and exercised. Rats injected with
saline and exercised and rats that were injected with saline but
not exercised.
SHR males exercised, 5-L-+ITP
SHR males exercised, saline
SHR males no exercise, saline
ARTERIALBLOODP ESSURE(mmHg)
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Fig. 12. A graph illustrating the urine output and water intake of SHR



































Table 7. The effects of saline and no exercise on SHR male rats
Blood Pressure Urine Output Water Uptake Feces Output
# Days mmHg Variance ml Variance ml Variance ml Variance
10 168.0 3.0 2.3 0.5 2.4 1.4 13.8 4.1
15 168.0 3.0 2.3 0.4 2.3 1.6 13.6 3.3
20 168.0* 3.7 2.3* 0.3 2.6* 1.5 13.4 2.6
30 169.0 3.8 2.2 0.4 2.6 1.3 14.2 3.8
40 169.0* 1.6 2.3* 0.5 2.9* 1.7 13.8 4.5
50 170.0 1.6 2.2 0.4 2.4 1.4 14.2 3.1
60 171.0 2.0 3.4 2.5 3.8 3.1 14.6 2.1
70 171.0 4.0 4.7 5.4 5.7 8.0 14.2 2.6
SO 172.0 3.7 4.3 4.6 5.1 6.7 13.2 3.5
90 172.0* 2.6 2.2* 0.4 2.8* 1.2 15.0 3.1
♦Significance = <0.05
Fig. 13. A graph illustrating the urine output and water intake of SHR













Fig. 14. A graph illustrating the urine output and water intake of SHR















10 168.0 5.1 2.3 0.42 4.2 1.2 6.4 2.2
15 168.0 5.4 2.2 0.23 4.3 2.1 6.8 2.3
20 168.0* 5.3 2.3* 0.24 3.9* 1.4 6.0* 1.1
30 167.0 4.1 2.0 0.51 2.6 1.3 6.6 2.4
40 167.0* 4.4 3.0* 0.31 3.16* 1.5 5.8* 3.1
50 162.0 6.1 2.3 0.12 3.675 1.2 5.2 4.1
60 161.0 5.2 2.5 0.21 4.075 1.6 7.25 1.8
70 159.0 5.8 2.5 0.41 4.2 2.0 7.25 2.1
80 157.0 6.1 2.6 0.32 4.025 3.1 6.0 3.1
90 155.0* 4.4 2.5* 0.22 4.875* 1.5 7.5* 1.5
♦Significance = <0.05
Fig. 15. A graph illustrating the arterial blood pressure of SHR female
rats, injected with 5-L^TP and exercised. Rats injected with
saline and exercised and rats that were injected with saiine but
not exercised.
□ SHR female exercised, 5-L-HTP
SHR female, exercised, saline
SHR female, no exercise, saline
ARTERIALBLOODPRESSURE(mmHg)
Table 9. The effects of 5-L41TP and exercise on SHR male rats
Blood Pressure Urine Output Water Uptake Feces Output
// Days mmHg Variance ml Variance ml Variance ml Variance
10 165.2 4.1 2.34 0.02 2.88 1.81 8.2 2.1
15 170.0 1.2 15.22 1.12 23.0 2.0 18.2 4.2
20* 172.6* 2.1 15.62* 2.01 24.68* 2.2 16.8* 5.1
30 177.8 2.4 12.98 1.68 21.16* 2.1 16.8 1.6
40 174.6* 1.7 7.86* 2.51 5.24 2.4 9.0* 2.2
50 162.5 1.2 2.32 1.32 3.45 2.3 5.75 3.1
60 160.5 1.5 2.0 1.22 2.35 3.1 6.50 4.2
70 155.5 2.2 1.65 1.41 1.150 1.5 6.5 5.1
SO 153.5 2.1 1.87 1.32 1.20 1.7 5.75 4.2
90 153.33* 1.6 1.72* 1.02 1.567* 2.1 4.66* 1.8
♦Significance = <0.05
Fig. 16. A graph illustrating the urine output and water intake of SHR












Table 10. The effects of saline and no exercise on SHR female rats
Blood Pressure Urine Output Water Uptake Feces Output
// Days mmHg Variance ml Variance ml Variance ml Variance
10 164.0 12.9 3.0 0.93 3.6 3.50 2.6 2.4
15 164.0 12.9 3.2 0.74 1.94 2.5 5.6 1.1
20 164.0* 13.2 2.8* 0.73 2.1* 3.1 5.6* 1.3
30 166.0 14.1 2.8 2.4 3.6 3.2 5.2 1.3
40 168.0* 12.0 3.02* 1.06 2.5* 2.4 5.2* 1.3
50 167.0 10.4 2.80 0.90 2.5 2.0 4.75 1.5
60 166.0 10.11 2.75 0.98 1.62 1.7 5.0 0.8
70 168.0 10.34 2.92 1.42 4.0 4.8 4.0 1.6
80 169.0 8.65 2.90 1.2 3.8 4.1 4.7 0.95
90 169.0* 8.69 3.0* 1.4 4.8* 4.1 4.0* 2.16
♦Significance = <0.05
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SHR female rats, saline injected, exercised Set B.
SHR female rats that were exercised, but not injected showed a significant
decrease in arterial blood pressure after 40 days of exercise (Fig. 15). The urine
output begin to decrease after 30 days of the experiment (Fig. 17). The water intake
remained elevated for fifty days, significantly decreasing the last 30 days (Fig. 17).
The feces count remained basically the same throughout the experiment (Table 11).
SHR female rats, 5-L-HTP injected, exercised C.
SHR female rats that were exercised eind injected with 5-L-HTP showed a
significant increase in arterial blood pressure during the 15 day injection period.
However, on the 20th day following the injections the arterial blood pressure
decreased significantly (Fig. 15). The urine output and water intake increased
significantly during the 15 day injection period (Table 12). After 20 days the urine
output and water intake decreased and remain steady for the remainder of the
experiment (Fig. 18). The feces count increased during the 15 day injection period
and remained steible throughout the experiment (Table 12).
Fig. 17. A graph illustrating the urine output and water intake of SHR




















Table 11. The effects of saline and exercise on SHR female rats
Blood Pressure Urine Output Water Uptake Feces Output
// Days mmHg Variance ml Variance ml Variance ml Variance
10 170.8* 2.2 2.2* 0.44 0.20* 0.44 4.60* 1.8
15 169.8 4.1 2.2 0.75 0.60 0.65 5.20 1.3
20 169.8* 1.7 2.2* 0.52 0.50* 0.61 5.80* 2.0
30 167.8 5.2 2.0 0.61 0.40 0.65 5.20 1.3
40 161.0* 6.5 2.16* 0.371 0.80* 0.54 5.20* 2.3
50 160.0 6.1 2.1 0.74 0.50 0.707 5.00 1.0
60 153.0 4.4 1.34 0.91 0.87 0.62 5.8 1.9
70 147.0 7.9 1.34 0.65 0.20 0.44 5.0 2.16
SO 140.0 7.9 1.34 0.86 0.040 0.08 4.60 1.14
90 137.0* 8.3 1.4* 0.67 0.00* 0.00 5.40* 1.94
♦Significance = <0.05
Table 12. The effects of 5-L-HTP and exercise on SHR female rats
Blood Pressure Urine Output Water Uptake Feces Output
// Days mmHg Variance ml Variance ml Variance ml Variance
10 169.4 7.127 3.9 3.26 3.2 3.11 6.8 1.3
15 171.2 7.563 7.6 5.825 8.3 7.51 9.0 1.5
20 174.2 7.39 7.04 5.00 8.0 7.0 9.8 2.4
30 170.0 14.00 3.7 1.79 2.0 1.9 7.8 1.0
40 170.4 17.3 2.1 0.75 1.6 2.3 7.0 0.816
50 158.0 8.9 2.1 0.62 0.6 0.62 6.7 0.95
60 152.0 8.0 2.1 0.85 0.7 0.86 6.5 1.29
70 142.7 6.602 2.2 0.66 1.05 0.71 7.6 1.0
80 139.2 5.058 2.1 0.62 1.32 1.204 6.7 0.9
90 134.5 5.26 2.0 0.41 0.97 0.81 7.2 0.95
Significance < 0.05
Fig. 18. A graph illustrating the urine output and water intake of SHR







Two major parameters were employed in this investigation to enhance our
knowledge of the phenomenon, hypertension. The first parameter was chemical
injections using 5-L-HTP. The D-L form of 5-HTP has been recognized as the
precursor to form the catecolamine, 5-HT that destroys the mass of the rat kidney
causing hypertension. On the other hand, studies have shown that the L form of 5-
HTP is the primary precursor for 541T in vitro. Recognizing this possibility, the
hypothesis was made that the L form of 541 TP should be able to cause more damage
to the rat kidney thus producing hypertension at a faster rate. The data recovered
did in fact lend evidence that the L form of 541 TP is primarily responsible for the
formation of 541TP.
The second parameter, exercise, was used to indicate what effect it would
have on hypertension induced by 5-L41TP. The initial hypothesis wcis that the
exercise and 5-L41TP are antagonistically of each other in the development of
hypertension.
Male Sprague-Dawley Normotensive Rats - Group I
Normotensive saline injected, not exercised (saline-no exercise) Set A. This
set of animals showed no significant changes in arterial blood pressure throughout
the entire experiment. This result corresponds with Goldblatt's theory (1934), of one
kidney being able to carry on normal bodily functions after the other kidney has been
removed. This recognized and accepted fact is based on the rat continuing to have a
normal intake of water. On the other hand, if the water volume is increased
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significantly the one kidney will not be able to excrete the excessive water thus
causing a rise in arterial blood pressure. A reduction in kidney mass as described by
Goldblatt (1934), and Guyton (1976), is one basic cause of experimental hypertension.
Observations of Set B, (saline injected exercised) showed a slightly higher
arterial blood pressure than Set A, this result was not expected. Even though,
neither set was considered hypertensive, the arterial blood pressure of Set B was
significantly higher. This result was due to an increase in the plasma renin activity
(PRA), level due to exercise as reported by Leon et al. (1973). Collier et al. (1975)
also found Increase plasma renin activity in man during exertion and a much larger
increase of plasma renin activity 10 to 20 min after exertion. These results add
clarity to the fact that exercise may cause a higher mean arterial blood pressure in
rats. This Observation must be considered significant in terms of a higher mean
arterial blood pressure due to exercise. However, it is not significant in terms of
high blood pressure developing into hypertension.
Normotensive, 5-L-HPT injected, exercised (5-L-HTP-exercised) Set C. After
the first injection there was severe kidney damage. This agrees with the results of
Prefer et al. (1957) and Erspamer and Bertaccini (1961), who reported that the L-
form of 5-D-L hydroxy tryptophan (5-D-L-5 HTP) is responsible for the formation of
5-WT. The severe kidney damage caused a significant increase in arterial blood
pressure. In Sets A and B this sudden elevation of arterial blood pressure was not
observed. This suggest that 5-L-HTP was directly responsible for the elevated blood
pressure. Significant increases in water intake and urine output, were observed in
Set C. After the injections, Set C showed a significant drop in arterial blood
pressure. Stopping the injections prevented further destruction of the kidney mass.
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Thus, the undamaged portion of the kidney couid return to removing excessive
amounts of water.
Aithough, discontinuing the injections was the main reason for the decreased
arterial blood pressure, the exercise cq>peared to cause the pressure to fall at a much
faster rate. Set D, (5-L-HTP injected-no exercise), showed elevated blood pressure
while the 5-L-HTP was being administered. However, after stopping the injections
the arterial blood pressure did not fall as fast as the arterial blood pressure of Set C.
This evidence suggest that physical conditioning by exercise may play a role in
reducing elevated blood pressures. Set D, showed a higher fatality rate per injection
than Set C. This lends evidence that exercise could be responsible for Set C animals
tolerating 5-L-HTP injections better. The kidneys of both Set C, and D, showed a
high degree of ischemia (Fig. 6) this corresponds to the reports of Beregi (1961),
that chronic doses of 5-HT give rise to ischemic kidneys. Beregi (1961), also stated
that 5^ TP given to rats in 100 mg/kg doses is at least 200 times less potent than 5-
HT. Evidence such as ischemia of the kidneys, elevated blood pressure increased
water intake and urine output suggest the L form of 5-HTP is at leeist more potent
than the D-L form and possibly equally as potent as 5-HT. This evidence also
suggest that the L form is responsible for the formation of 5-HT, which concurs with
Erspamer and Bertaccini (1961) and Freter(1957).
Male Sprague-Dawley 1-kidney Goidblatt Rats - Group II
1-Kidney Goidblatt rats, saline injected, no exercise (saline-no exercise) Set A.
This set of animals showed a gradual rise in arterial blood pressure throughout the
80-day experiment. The results concurred with Goldblatt's theory (1934), that
restrictions placed on one kidney caused the body to retain water thus elevating the
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blood pressure. Urine output and water intake were significantly high compared to
animals in the normotensive group with unrestricted kidneys. Set B (saline injected-
exercise) showed a similar rise in blood pressure during the first 40 days of the
experiment. Following the 40 days there was a significant drop in arterial blood
pressure. This is strong evidence that exercise can temporarily reduce elevated
blood pressure. In comparison to Set A, both sets had restricted kidneys. It
appeared there was less retention of water in Set B. Since the body requires more
nutrient and water during exercise, this may explain why the arterial blood pressure
is temporarily lowered during exercise. Even though, the Plasma Renin Activity
(PRA) is considered higher in the rats blood stream during exercise (Leon ^ aL,
1973). The PRA activity does not appear to be increased respiration and
perspiration may also attribute to less retention of water. Thus, causing a reduction
in arterial blood pressure.
Set C (5-L-HTP injected-no exercise). There was a significant rise in arterial
blood pressure. This evidence suggest the L form of 5-D-L-HTP is mainly
responsible for the formation of 544 T, concurring with Erspamer and Bertaccini
(1961). The rats showed severe reactions to the injections, ninety five percent of
the animals died within the first 24 hr. The kidney tissue mass appeared to be
reduced to one half the size of the normotensive animal's kidney. The Set C animals
may have died of blood poisoning due to poor kidney filtration. The reduction in
kidney mass caused a high retention of water causing high blood pressure.
Combinations of poor filtration and retention of water could have been responsible
for the deaths of Set C animals.
Set D (5-L-HTP-exercised). This set of animals showed evidence that exercise
may be antagonistic tohypertension chemically induced by 5-L41TP and the
Goldblatt kidney. Set D has a much lower fatality rate than Set C. This suggest
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that exercise eissisted in Set C tolerating 5-L-HTP injections better. The retention
of water appeared less due to increased respiration and perspiration. Compared to
Set A there was a gradual rise in the arterial blood pressure throughout the
experiment. Set C showed a decrease in arterial blood pressure exercise was the
obvious parameter causing the decrease since we have eissociated injections of 5-L-
HTP with increased blood pressure. Compared to Set B animals there was a
significantly lower blood pressure than Set D animals. We found evidence suggesting
5-L-HTP was damaging the kidneys of Set D animals. We feel this was the reason
for the higher blood pressures associated with Set D. This evidence concurs with
Freter et aL (1957) that 5-L41TP is responsible for the production of 5-HT.
Although, Set D animals showed a reduction in arterial blood pressure the animals
were considered hypertensive. However, set B animals showed a reduction in blood
pressure low enough to consider the animals normotensive. We attribute the
difference to 5-L-HTP destruction for the kidney's of Set D.
Male Spontaneously Hypertensive Rats (SHR) - Group III
SHR mcde rats, saline injected-no exercise (saline-no exercise) Set A. SHR
male rats maintained elevated blood pressure throughout the experiment. Since
these animals are spontaneously hypertensive this pattern was expected. On the
other hand, SHR male rats injected with saline and exercised (Set B), showed a
decrease in arterial blood pressure after 20 days of the experiment. Prior to genetic
induction of hypertension, we used Goldblatt's procedure (1934) and the injection of
5-L-HTP to produce hypertension. This new parameter, genetic induction of
hypertension, responded favorably to exercise. Set B showed a reduction in arterial
blood pressure due to exercise. However, the decrease in blood pressure did not
return to blood pressures that were considered normal. Even though, we cannot
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conclusively identify the actual cause of decreased blood pressures in Set B,we do
feel less retention of water caused by perspiration and increased respiration aided in
reducing the blood pressure. Induction of hypertension by 5-L4fTP injections,
Gooldblatt kidney's, and genetics had one thing in common. Arterial blood pressures
were reduced by exercise. We do feel exercise had more influence on Goldblatt
kidney's in reducing high blood pressure. Induction of hypertension by 5-L-HTP and
genetics were affected in the order they were named.
Set C (5-L-HTP injected-exercised) showed a significant increase in arterial
blood pressure during the 15 day injection periods. This suggest that the 5-L-HTP is
responsible for the elevated blood pressure. After each injection of 5-L-HTP the
SHR male lost their ability to stand and remain active. This type of reaction
corresponds to similar reports by Undenfriend et aL (1956). This is thought to be
caused by excess free 5+1T in the brain, (Undenfriend et aL, 1956). This was not
observed in the normotensive and I-kidney Goldblatt groups. The feces count of the
SHR male rats increased during the 15 day injection period and the body weight
decreased during the injection period. This evidence shows that 5-L-HTP may affect
the smooth muscles of the digestive system of rats as it affects the human digestive
system (Erspamer and Bertaccini, 1961). Since we used the 2-kidney system in the
SHR groups, kidney damage was not as severe in this group as it was in the 1-kidney
Goldblatt and normotensive groups. This was probsdbly due to the total mass of the
kidneys. The SHR's had twice the kidney mass as the other two groups.
Consequently, this was the reason why the SHR's could tolerate the injections much
better.
Female Spontaneously Hypertensive Rats (SHR) - Group IV
SHR female rats, saline injected-no exercise (saline-no exercise) Set A.
Similar to the SHR males (Set A), this set of animals maintained an elevated arterial
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blood pressure throughout the experiment. This was expected since the animals are
spontaneously hypertensive. This fact lends evidence that exercise, temporarily
reduced artericil blood pressure after exercise. This result is similar to other sets
that were exercised in the drum. In Set C (5-L-HTP injected and exercised) the rats
showed similar reactions to those found in Set C of the male SHR's. During the 15
day injection period there was a significant increase in arterial blood pressure. The
rats showed a severe reaction to each injection. They lost their ability to stand and
walk. This evidence supports Undenfriend et ah (1956) that 5-Hydroxytryptopoto-
phan may cause symptoms similar to those induced by hallucinogenic agent, lysegic
acid diethlamide (LSD). This reaction is thought to be caused by excess free
serotonin in the brain. Elo and Tirri (1972) stated that forced motiblity increased
the level of serotonin in the rat brain, however, rats (SHR's) that were not exercised
also showed severe reaction to 5-L-HTP injection. This may have some genetic
significance since normotensive rats show no signs of physical reaction to the
injections of 5-L-HTP.
Observations, while performing this work, suggested the next research step
should be measuring the electrical potential of the rat kidney membrane. We feel
the electrical potential of the membrane may give vital information concerning
different concentrations of 5-HT on the kidney membrane. The rat (body) produces
5-HT in micrograms or possibly nanograms per kg body weight. These concentra¬
tions should be used to observe changes in the electrical potential of the kidney
membrane. The electrical potential may be proportional to filtration rates and
filtering certain molecules. The rat kidney's membrane is where we feel a number
of questions will be answered concerning essential hypertension.
CHAPTER VI
SUMMARY
The development of hypertension in rats using 5-L-HTP induction, Goldblatt
induction (1934), and genetic induction, as sources of hypertension showed that:
1. 5-L-HTP causes severe ischemia of the kidney's in 1-kidney Goldblatt
rats and normotensive rats. The arterial blood pressure rise sharply after
24 hr of the first injection.
2. 5-L-HTP affects the nervous system of the SHR male and female rat
causing symptoms associated with tachycardia and drowsiness.
3. 5-L-HTP does not visibly arffect the nervous system of the 1-kidney
Goldblatt and normotensive rat.
4. Exercise significantly reduced arterial blood pressure in the 1-kidney
Goldblatt, normotensive, and SHR rats.
5. Rats exercised daily showed a lower fatality rate when injected with 5-
L-HTP than rats that were not exercised. Exercised animals had a higher
tolerance for 5-L-HTP.
6. Exercised temporarily decrease arterial blood pressure in all three
induced methods. However, blood pressure rose gradually after exercise
was discontinued.
7. Exercise appears to be antagonistic to 5-L-HTP induction, Goldblatt
induction, and genetic induction, when they are used to produce
hypertension. Exercise influence Goldblatt induction the greatest
followed by 5-L-HTP induction, followed by genetic induction.
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In cases where 5-L-HTP severely damaged the kidney, exercise further
reduced the capacity of the animals to tolerate 5-L41TP injections.
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